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CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Application No. 60/264,502, filed 
January 26, 2001. 

FIELD OF INVENTION 

The present invention relates to an apparatus and method for introducing materials into an 
ore processing furnace for improved reduction of iron oxide. More particularly, this invention 
relates to the composition of materials introduced into a furnace for increasing/controlling the 
melting point of hearth compounds and for coating the hearth surface to improve the reduction and 
metallization of iron oxide. 

BACKGROUND OF THE INVENTION 

Steel, by_definition,-is-a-combination of iron-with a small amount-of-carbon and other 

materials. Iron does not occur in nature in its useful metallic form Metallic iron, from which steel 
is derived, much be extracted from iron ore. Generally, the ratio of metallic iron to total iron is 
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All steelmaking processes require the input of iron bearing materials as process feedstocks. 
For making steel in a basic oxygen furnace, the iron bearing feed materials are usually blast furnace 
hot metal and steel scrap. A broadly used iron source is a product known as Direct Reduced Iron 
("DRI") which is produced by the solid state reduction of iron ore to highly metallized iron without 
the formation of liquid iron. 

A common problem with current methods for producing metallized iron product is the loss 
of purified metallized iron within the furnace at elevated temperatures. Additionally, the current 
methods for obtaining increased volumes and a higher quality of metallized iron product from rotary 
hearth furnaces involve significant expenditures, increased processing time, and/or excessive furnace 
temperatures. 

In 1987, MidrexreceivedU.S. PatentNo. 4,70 1,2 14, that taught reduction in a rotary hearth 
furnace and a method of operation in which finely divided iron oxide and carbonaceous material is 
devolatized, with a substantial portion being reacted, forming hot, highly reduced iron containing 
some carbon for feed material for additional smelting and refining. 

U.S. Patent No. 5,730,775 teaches a method and apparatus for producing direct reduced 
iron from dry iron oxide and carbon compacts that are placed no more than two layers deep onto 
a rotary hearth, and are metallized by heating the compacts to temperatures of approximately 1316° 
to 1427° C, for a short time period._For a gener^imdejstanding of the recent art,_U..S. Patent No — 
5,730,775 is incorporated herein by reference. 
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Because of the problems of the prior art, a need therefore exists for an apparatus and method 
of operation for efficiently producing increased volumes and a higher quality of metallized iron 
product from rotary hearth furnaces without significant increases in cost, processing time, or 
excessive furnace temperatures. 


While there are numerous methods and means for producing increased volumes and higher 
quality metallized iron product from rotary hearth furnaces, none are known to have a similar 
structure to, or to function in the manner of the present invention. 


S SUMMARY OF THE INVENTION 

¥' 
W 

H ' Direct reduction of iron oxide in furnaces utilizing the invented apparatus and method 
1 S 1 improves the utilization of a hearth furnace by providing a moving hearth with a refractory base 
=' layer thereon and a vitreous hearth layer on the refractory base layer. The vitreous hearth layer is 
|| composed of conditioning materials that increase the melting point of the vitreous layer onto which 
iron oxide pellets are placed. The conditioning materials may be provided as multiple layers on the 
base layer, with an upper layer or coating of non-wetting graphite compounds. Multiple vitreous 
1 5 hearth layers may contain components that increase the melting point of the vitreous hearth layers, 
and may include upper layers of carbon or carbon compounds that reduce the adherence of liquified 
iron and carbon to the vitreous hearth layer, thereby improving the efficiency of the direct reduction 
of iron oxide feed material to metallized ironjlischarged from the furnace. 
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The present invention is an improved hearth apparatus and a method of operation that 
provides conditioning materials that may include compounds such as magnesium oxide compounds, 
silicon oxide compounds, aluminum oxide compounds, iron oxide compounds, and a carbon 
compound source that are introduced in layers onto a refractory base layer, and are melted to form 
vitreous hearth layers. An additional upper coating layer of carbonaceous materials is added and 
iron oxide pellets are placed for reduction. The invention provides for the production of increased 
volumes of product and a higher quality carbon-containing metallized iron product than previously 
available. The iron product is separated from slag in the furnace without significant increases in 
costs, processing time, or excessive furnace temperatures over prior known processes. 

OBJECTS OF THE INVENTION 

The principal object of the present invention is to provide a method of achieving efficient 
reduction of iron oxide to metallized iron at elevated temperatures in a processing and reducing 
furnace having a hearth surface, preferably a moving hearth. 

It is also an object of this invention to provide a method of achieving efficient reduction of 
iron oxide at elevated temperatures in a processing and reducing furnace which allows ease of 
removal of metallized iron oxide from the hearth surface. 

_ AmtherobjecLof thejnvention isto provide an improved furnace.apparatus.for.introducing. _ 
refractory surface conditioning material onto the base layer of the furnace. 
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Another object of the invention is to provide an improved hearth furnace method of 
operation which provides hearth conditioning materials forming solidified vitreous hearth layers at 
high temperatures utilized for producing metallizing iron material. 

An additional object of the invention is to provide a method of operation of a rotary hearth 
5 furnace including applying conditioning materials on a refractory surface, withplacement of coating 

layers providing ease of removal of metallized iron product from the vitrified hearth surface. 

N" 

0 The objects of the invention are met by a method for producing direct reduced, purified, 

Q 

01 metallized iron at elevated temperatures within a furnace, including the step of providing a furnace 
having a refractory layer, introducing conditioning materials on the refractory layer, heating the 
conditioning materials to form a vitreous layer on the refractory layer, and placing a coating layer 

P on the vitreous layer. Iron oxide materials are placed on the coating layer, exposed to elevated 

*}j temperatures, and reduced to purified metallized iron nuggets, which are discharged from the 

furnace. 
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The objects of the invention are also met by an apparatus for producing direct reduced 
1 5 metallized iron at elevated temperatures within a furnace, the furnace having a refractory layer with 
a means for introducing conditioning materials on the refractory layer. The conditioning materials 
include carbonaceous materials including a mixture of magnesium oxide, silicon oxide, aluminum 
oxide compounds,.iron-oxide.compounds.and.a.carbon source,_placed.in.multiple_layers .Qn_the_ 


refractory layer. The conditioning materials are heated to form vitreous hearth layers. A carbon 
2 0 coating layer is applied to the vitreous hearth layers, and iron oxide feed materials are placed on the 
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coating layer. The iron oxide materials are heated by a radiant heat source within the furnace to 
form purified metallized iron nuggets, which are discharged from the furnace. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects will become more readily apparent by referring to the 
following detailed description and the appended drawings in which: 

FIG. 1 is a schematic top view of a rotary hearth furnace for the reduction of iron oxide that 
utilizes a refractory base layer having a vitreous hearth layer with conditioning materials thereon, 
in accordance the present invention; 

FIG. 2 is a top view of the rotary hearth furnace, top removed, with the introduction of 
conditioning material onto a refractory base layer by a spray injector or conventional material feed 
which forms a vitreous hearth layer, specific to the present invention; 

FIG. 2a is a top view of the rotary hearth furnace, top removed, with the introduction of 
iron oxide pellets placed on the vitreous hearth layer, specific to the present invention; 

FIG. 3 is a top view of the rotary hearth furnace, top removed, with the placement of 
conditioning nmterialJbyACOnveyor_onto which fornis.a vitreous.hearth layer,_ 

specific to the present invention; 
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FIG. 3a is a top view of the rotary hearth furnace, top removed, with the placement of iron 
oxide pellets by a conveyor placed on the vitreous hearth layer, specific to the present invention; 

FIG. 4 is an isometric view of a conditioning material containing a plurality of compounds 
sprayed onto and forming a vitreous hearth surface onto which iron oxide pellets are placed and 
5 leveled, specific to the present invention; 

FIG 5 is an isometric view of a conditioning material containing a plurality of compounds 

M< 

O placed onto and forming a vitreous hearth surface onto which iron oxide pellets are placed and 

O 

j|| leveled, specific to the present invention; 

M> 
W 

'era- 

M : FIG. 6 is an isometric view of a plurality of layers of conditioning materials and a coating 

1 P layer placed on a vitreous hearth layer, with iron oxide pellets placed on top of the coating layer and 

^! leveled, specific to the present invention; 

O 

m 

FIG. 7 is an isometric view of a plurality of layers of conditioning materials and an additional 
coating layer placed on a vitreous hearth layer, with iron oxide pellets placed on top of the carbon 
layer and leveled, specific to the present invention; and 

15 FIG. 8 is an isometric schematic view of a discharge mechanism for removing metallized iron 
frqmjhejipper^oatin^ 
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DETAILED DESCRIPTION 

Referring now to the drawings, Figure 1 is a schematic top view of a rotary hearth furnace 
10 for the direct reduction of iron oxide. The furnace 10 is depicted as a rotary hearth furnace 
(RHF) having dimensions preferably ranging from approximately 8m O.D. (outside diameter) to 
approximately 56m O.D., and approximately 5mI.D. (inside diameter) to approximately 45mI.D., 
and an active hearth width of approximately 1 m to approximately 7m, or wider. The furnace 1 0 has 
a rotary hearth 30 that is rotatable from a charge material feed zone 12, through two or more 
heating and reduction zones 14, 16, and 17 and discharge zone 18. The rotary hearth 30, whichhas 
a refractory base layer, is rotatable from the discharge zone 18 to the charge material feed zone 12, 
and through the zones 12, 14, 16, 17, 18 in a repetitive cycle of operation. The heating or burner 
zones 14, 1 6 are each fired by a plurality of air/fuel, coal fired, oil fired, or oxygen enriched burners 
20, 22 that may include multiple placements of burners. Off gas from the rotary hearth furnace may 
be removed from a port, as indicated in Zone A. 

The placement of vitreous conditioning materials 36 (Figures 2 and 2a) and a coating layer 
38 (Figures 3 and 3a) are accomplished before placement of the pellets 28 on to the upper layer 38 
(Figures 3 and 3a), with the pellets 28 leveled to a preferred height above the hearth by a leveler 29 
that spans the width of the rotary hearth 30. The pellets 28 are continuously fed to the furnace 10 
by the feed mechanism 26, as the rotary hearth 30 is rotated around the furnace 10 by a variable 
speed drjve,^ Therefore,.the_pellet retention time. witWn.the.furnace l O and within each zone 14, 1 6, _ 
18, is controlled by adjusting the variable speed drive. 
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Located in the initial area of the material feed zone 1 2 and upgradient of the feed mechanism 
26 from feed hopper 27 for pellets 28, is a means for introducing one or more layers of conditioning 
material in pellet or powder form or as fluid having suspended material therein, onto the rotary 
hearth 30. 

Figure 2 is a top view of the rotary hearth furnace 10 (Figure 1), top removed, with the 
introduction of conditioning materials 36 onto the refractory base layer by spray injector 32. 

Figure 2a is a top view of the rotary hearth furnace 10 (Figure 1), top removed, with the 
introduction of iron oxide pellets 28 placed on the vitreous hearth layer. The means for introducing 
the conditioning materials 36 and the coating layer onto the rotary hearth 30 (Figure 1) may include 
at least one spray injector 32. If the conditioning materials 36 and the coating layer are suspensions, 
such as compounds mixed with particles, or coke fines which are dispensed in a fluid form, or mixed 
with organic oils having low sulfur content, then the spray injector 32 may be internally liquid 
cooled to allow introduction of materials as a liquid spray for application onto the rotary hearth 30 
(Figure 1). 

Figure 3 is a top view of the rotary hearth furnace 10 (Figure 1), top removed, with 
placement of the conditioning materials 36 (Figures 2 and 2a) and coating layer 38 by a conveyor 
onto a refractory layer which forms the vitreous hearth layer . 

Figure 3a is a top view of the rotary hearth furnace 10 (Figure 1), top removed, with the 
placement of iron oxide pellets 28 by conveyor placed in the vitreous hearth layer . The means for 
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introducing the conditioning materials 36 (Figures 2 and 2a) and coating layer 38 onto the rotary 
hearth 30 (Figure 1) may include at least one solid material conveyor 34. If the conditioning 
materials 36 (Figures 2 and 2a) and the coating layer 38 are placed in the furnace 10 (Figure 1) in 
solid form, the solid material conveyor 34 places the conditioning materials 36 (Figures 2 and 2a) 
and coating layer 38 as close to the refractory base as possible and across the width of the rotary 
hearth 30 (Figure 1). 

Figure 4 is an isometric view of the conditioning material 36 containing a plurality of 
compounds sprayed onto and forming a vitreous hearth surface onto which the iron oxide pellets 
28 are placed and leveled. The conditioning materials 36 may contain the following compounds: 
magnesium oxide (MgO), aluminum oxide (A1 2 0 3 ), silicon oxide (Si0 2 ), iron oxide compounds 
(Fe 3 0 4 and Fe^) and a carbon source. 

The rotatable refractory base of the furnace 10(Figure 1), having the conditioning materials 
36 introduced onto the refractory layer, is heated at temperatures of approximately 1369 degrees 
Celsius to 1600 degrees Celsius, with a preferred range of heating of approximately 1650 degrees 
Celsius for forming a vitreous hearth layer. The means for heating the vitreous hearth layer and 
conditioning materials 36 thereon may include either fixed gas burners, tilting gas burners, or other 
devices for heating a furnace 10 (Figure 1) which are located within the furnace enclosure of the 
burner zones 14, 1 6 (Figure 1). After adequate time of heat treatment of the conditioning materials 
36, a vitreous hearth layer^f^pjurajitvof la yers of solidifie d conditioning jnaterial,3,6.are.formed 
on the refractory base. 
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Figure 5 is an isometric view of the conditioning material 36 containing a plurality of 
compounds placed onto and forming a vitreous hearth surfece onto which iron oxide pellets 28 are 
placed and leveled. 

Figures 6 and 7 provide an isometric view of a plurality of layers of conditioning material 
36 (Figures 2 and 2a) and a coating layer 38 placed on a vitreous hearth layer 40. Additional 
coating layers 38, containing carbonaceous materials may be introduced as a mixture by spray 
injector 32 or by solid material conveyor 34. The coating layer 38 may be introduced into furnace 
10 (Figure 1) as a separate additional layer 44 on the vitreous hearth layer 40. The coating layer 
38 may include a mixture of non-wetting graphite, charcoal, coal particulates, fire clay, and /or coke 
fines which are dispensed in any organic oil having low sulfur content such as diesel or fuel oil and 
introduced through one or more spray injectors 32. The introduction of both conditioning materials 
36 (Figures 2 and 2a) and the coating layer 38, after repetitive rotations on the rotary hearth 30, 
provides a heat treated and solidified vitreous hearth layer 40 with an upper coating layer 38 onto 
which the iron oxide pellets 28 may be placed. 

After the conditioning materials 36 (Figures 2 and 2a) and/or the coating layer 38 are 
introduced and heat treated on the refractory base, the placement of iron oxide pellets 28 or 
greenballs onto the vitreous hearth layer 40 occurs by means for placing greenball materials, 
including iron oxide pellets 28, by screw or vibratory feed conveyor 26 (Figure 1) or other standard 
-continuous or intermittent-belt,-or-pneumatic or-spiral.conveyor of pellet sized materials, 
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The greenballs or iron oxide pellets 28 are heat reduced and moved from the first burner 
zoneH (Figure 1) to a second burner zone 16 (Figure 1) and to a third burner zone, by the rotary 
hearth 30. Heating and reducing of the iron oxide to carbon containing iron occurs in the burner 
zones 14, 16 (Figure 1) and the reaction zone 17 (Figure 1). Heat is applied by air/fuel burners to 
obtain temperatures within the furnace of at least 1369 degrees Celsius to about 1600 degrees 
Celsius, with a preferred range of at least 1430 degrees Celsius to about 1520 degrees Celsius. 
During the reducing phase, the vitreous hearth layer 40 of conditioning material 36 (Figures 2 and 
2a) along with coating layer 38 provides a solid, firm surface for the iron oxide pellets 28 placed on 
the coating layer 38. The conditioning materials 36 (Figures 2 and 2a) provide a vitreous hearth 
layer 40 having a high melting temperature and a coating layer 38 provides a non-reactive surface 
at temperatures utilized to form purified molten iron on the coating layer 38. 

A specific benefit of the conditioning material 36 (Figures 2 and 2a), introduced onto the 
refractory base, forming a vitreous hearth layer 40, in conjunction with the upper coating layer 38, 
is that as the iron oxide pellets 28 melt and separate into physically distinct iron and slag regimes, 
the molten iron remains isolated from the vitreous hearth layer 40 by the coating layer 38. The 
purified molten iron is not absorbed into the rotary hearth 30 or the vitreous hearth layer 40, thereby 
producing a purified metallized iron product. 

Figure 8 is an isometric schematic view of a discharge mechanism 50 for removing 
-metallized ironfrom the upper coating layer.3 8. -Purified nuggets_42 ofmetallized iron product may _ 
be recovered from the discharge zone 18 (Figure 1) without the formation of a film ofmetallized 
iron oxide on the vitreous hearth layer 40 (Figures 6 and 7), or other interior surfaces of the furnace 
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10 (Figure 1). The vitreous hearth layer 40 (Figures 6 and 7) is protected by the carbonaceous 
upper coating layer 38 placed onto the vitreous hearth layer 40 (Figures 6 and 7). The carbon 
content of the purified iron nuggets 42 may be increased when material such as graphite is 
introduced into upper coating layer 38. The carbonaceous coating layer 38, or if placed as a 
separate additional carbon layer 44 (Figure 7) on top of the coating layer 38, also serves as a non- 
reactive sacrificial carbon layer which promotes the separation of the iron nuggets 42 from the 
coating layer 38 or additional carbon layer 44. The sacrificial coating layer 38 and/or additional 
carbon layer 44 (Figure 7) may be partially removed during mechanical removal of iron nuggets 42 
by the discharge mechanism 50. 

In operation, when using the rotary hearth furnace 10 (Figure 1) the furnace conditioning 
materials 36 (Figures 2 and 2a) and the coating layer (Figures 3 and 3a) may be rejuvenated by the 
periodic addition of supplemental conditioning materials 36 (Figures 2 and 2a), coating layers 38 
(Figures 3 and 3a), and/or additional carbon layer 44 (Figure 7) through any cycles of the furnace 
10 (Figure 1) after the iron nuggets 42 are discharged and before additional iron oxide pellets 28 
(Figure 7) are placed onto the vitreous hearth layer 40 (Figures 6 and 7), coating layer 38, or 
additional carbon layer 44 (Figure 7) undergoing supplemental conditioning. 

SUMMARY OF THE ACHIEVEMENT 
OF THE OBJECTS OF THE INVENTION 
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From the foregoing, it is readily apparent that we have invented an apparatus and method 
of operation for efficiently producing increased volumes and a higher quality of metallized iron 
product from rotary hearth furnaces without significant increases in cost, processing, time, or 
excessive furnace temperatures. The present invention is an apparatus and method that produces 
significantly higher quality of metallized iron product by adding specified amounts of conditioning 
materials and additional coating layers to a refractory base of a rotary hearth furnace to form a 
vitreous hearth layer. The present invention solves the problem of loss of purified metallized iron 
product within the furnace at elevated temperatures and provides iron nuggets having 95% or higher 
metallized iron. 

It is to be understood that the foregoing description and specific embodiments are merely 
illustrative of modes of invention and the principles thereof, and that various modifications and 
additions may be made to the apparatus by those skilled in the art, without departing from the spirit 
and scope of this invention, which is therefore understood to be limited only by the scope of the 
appended claims. 
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